A new sesquiterpene evoninate alkaloid (1), and two sesquiterpenes (2, 3) with a dihydro-b b-agarofuran skeleton, along with three known sesquiterpenes (4-6), were isolated from the seeds of Euonymus europaeus. Their structures were elucidated by high resolution mass analysis, and one-and two-dimensional (1D and 2D) NMR spectroscopy, including homonuclear and heteronuclear correlation [correlation spectroscopy (COSY), rotating frame Overhauser enhancement spectroscopy (ROESY), heteronuclear single quantum coherence (HSQC), and heteronuclear multiple bond correlation (HMBC)] experiments.
Plants from the Celastraceae family have been used for centuries in South America, China and Africa in traditional medicine for the treatment of rheumatism, cancer and to protect plants against insect attacks (insecticidal and antifeedant properties). 1) Sesquiterpene and alkaloid polyesters, based on the dihydro-b-agarofuran [5,11-epoxy-5b ,10a-eudesman-4(14)-ene] skeleton, are chemotaxonomic indicators of the family, 2) and they have attracted a great deal of interest because of their cytotoxic, 3) antitumor-promoting, 4) reverse multidrug-resistance, 5) antifeedant and insecticidal activities. 6 ) Anti-human immunodeficiency virus (HIV) 7) and immunosuppressive 8) sesquiterpenes of this type have also been reported. Recently, the first enantioselective synthesis of a dihydroagarofuran triol (isocelorbicol) isolated from Celastrus orbiculatus was described. 9) Euonymus europaeus L., the sole representative of this genus in central and western Europe contains sesquiterpene polyesters belonging to the alatol, 3-deoxymaytol and 3,4-dideoxymaytol families, [10] [11] [12] [13] and alkaloid polyesters with the evoninate skeleton. [14] [15] [16] [17] Subsequent to an extensive reinvestigation of the sesquiterpene content of the seeds of E. europaeus, we report here on the isolation and structure elucidation of a evoninate alkaloid (1), and two dihydro-bagarofuran polyesters (2, 3), along with three known sesquiterpenes (4) (5) (6) . Their structures were determined by high resolution-mass spectrometry (HR-MS), and application of spectroscopic techniques, including 1 H- 13 The regiosubstitution of two of the acetate groups was deduced unambiguously from an HMBC experiment ( Fig. 1) , which showed three-bond coupling between the carboxyl signals of the acetate groups and the signals at d H 5.74 (H-9) and 4.29, 4.94 (H-15), while the carbonyl group was sited at C-8 as the signal at d C 198.4 was correlated with the signals at d H 3.15 (H-7) and 5.74 (H-9). The remaining acetyl group was located at C-2 as the signal at d H 5.17 (H-2) was coupled in the COSY experiment with that at d H 4.80 (H-3), which in its turn showed long-range correlation with the carboxyl group at d C 173.0 (C-11Ј). A ROESY experiment showing nuclear Overhauser effect (NOE) effects between H-1 and H-2 and H-9; between Me-14 and H-3, H-6 and H-15, and finally between H-9 and Me-13, enabled the relative position of the substituent groups to be determined. All these data and comparison with those given in the literature for evorine and evonine 16) (Chart 1) revealed that 1 was 1,6-bis-deacetylevonine, and had not been previously described. This was confirmed by acetylation of 1 (see Experimental part). ) were assigned to a 2-methylbutanoyloxy group; all these data were confirmed by the 13 C-NMR spectrum (Table 1 ). In addition, the 1 H-NMR spectrum contained signals assignable to protons on carbon atoms carrying three secondary ester groups at The data for compounds 3 and 4 were very similar to those of 2, with the most notable differences being in their 1 H- NMR spectra (Table 1) , the presence of one acetyl singlet at d 2.25, and the high field displacement of the AB system for the H-15 protons in 3, the presence of two acetyl singlets at d 2.22 and 2.10, and the high field displacement of the H-15 and H-6 protons, for 4. Thus, 2-4 have in common one methylbutanoyloxy, and two furancarbonyloxy substituents, but differ in the number of acetate groups. The location of the different substituents was realized by comparison of the MS data of 2-4 with those of two agarofurans, previously isolated from the seeds of E. bungeanus by Tu et al. 18) In case of a furancarbonyloxy (FuOH) group at C-2 and a 2-methylbutanoyloxy (MeBuOH) group at C-1, the MS spectrum shows, as described by the authors, an intense signal at m/z 502, corresponding to the loss of the FuOH and acetate groups, and another one of weak intensity at m/z 512 due to the loss of the MeBuOH and acetate groups. This difference is due to a favourable McLafferty rearrangement between the proton H-3 of the decalinic ring and the carboxyl of the FuOH group in C-2. However, the presence of FuOH and MeBuOH groups at C-1 and C-2, respectively, shows the same type of fragmentation although with inverse intensities.
In our case the MS spectrum of 4 matches the data of one of the compounds described by Tu and co-workers.
18) The MS spectrum of compound 3 presents an abundant fragment at m/z 520 (72%), corresponding to the favourable loss of the furancarbonyloxy group located at C-2 (Chart 2). In its 1 H-NMR spectrum, the disappearance of the acetate singlet (d 2.10) and upfield displacement of the geminal proton H-6 from a singlet at d 6.13 in 4 to a doublet at d 4.84 (Jϭ5.4 Hz), coupled with a proton interchangeable with D 2 O in 3, confirm the presence of a hydroxyl at C-6. These data together with 1 H-13 C correlations (HSQC, HMBC) and a ROESY experiment (Fig. 2) allowed us to establish the structure of 3 as 15-acetoxy-2a,9b-di-(b-furancarbonyloxy)-4b ,6b -dihydroxy-1a -(2)-methylbutanoyloxy-dihydro-bagarofuran. On the other hand, compounds 2 and 3 by acetylation gave 4, which demonstrated that these three compounds are structurally related.
Compounds 5 and 6, previously described in E. bungeanus 18) and E. sieboldanus, 19) respectively, are reported here for the first time in E. europaeus.
Experimental
General Experimental Procedures Optical rotations were measured on a Perkin-Elmer 241 automatic polarimeter and [a] D 25 are given in 10
. UV spectra were collected on a Perkin-Elmer model 550-SE. IR spectra were recorded on a Nicolet Avatar.
1 H, 13 C, HMBC, HSQC and ROESY NMR spectra were recorded on a Bruker Avance 400 (400 MHz) in CDCl 3 with tetramethylsilane (TMS) as internal reference. MS were recorded on a MS-VG Micromass LTD-ZAB-2F and/or an HP 5930 A at 70 eV. CI-MS spectra were recorded on a Nermag R30-10 either by direct introduction or through a gas chromatograph (Varian GX 3000), and HR-MS spectra on a Finnigan MAT95Q or a VG Autospec.
Plant Material Seeds of E. europaeus were collected in November, 1997 along the railroad track from Bailly to St-Cyr-l'Ecole (France) and a voucher specimen (n°19962707701-CD) has been deposited in the INRA herbarium. Dried and powdered seeds (750 g) were extracted with EtO 2 -nhexane (1 : 1, 3 l) in a Soxhlet apparatus. Removal of the solvent under reduced pressure left a reddish-brown oil (300 g). Repeated chromatography of this crude extract on Sephadex LH-20 (n-hexane-CHCl 3 -MeOH, 2 : 1 : 1) and Si gel (f 0.20 to 0.63 mm, mixtures of n-hexane-EtOAc of increasing polarity), followed by preparative TLC (Shleicher-Schull F-100/LS254, CH 2 Cl 2 -acetone, 8.5 : 1.5) yield compound 1 (7 mg ϩ (100). Acetylation of 1 Ac 2 O (4 drops) was added to compound 1 (2 mg) dissolved in pyridine (2 drops), and the mixture left at room temperature for 16 h. EtOH (3ϫ2 ml) was added and carried almost to dryness in a rotavapor, and this process was repeated with CHCl 3 (3ϫ2 ml), to give evonine 16) (2 mg). (1H, br s, H-2Ј) , for other signals, see Table 1 . 
